Experimental procedures: Here we provide a detailed description of all applied methods including 2D crystallization, electron microscopy, image processing and difference mapping.
Experimental procedures: Here we provide a detailed description of all applied methods including 2D crystallization, electron microscopy, image processing and difference mapping. Figure S1 . Twodimensional crystals of CitS. Tubular crystals from dialysis buttons (A) and a temperature controlled dialysis machine (B). The crystal diameter increased from 250 nm up to 600 nm when the latter was used, which was highly beneficial for structural analysis by electron crystallography. Related to Figure 1 in the main text. Citrate, each at 6 Å resolution. These were used to calculate difference maps for different substrate combinations. Two more difference maps are shown to document the conformational change in (E) Na-Acetate / K-Citrate and (F) Na-Citrate / K-Citrate. Both maps again reveal helix rearrangements predominantly within the helical cluster; response is minor in the central dimerization interface domain. Scalebar, 2nm. Related to Figure 4 in the main text.
Supplemental experimental procedures 2D crystallization
CitS was expressed and purified to homogeneity as described previously (Kebbel et al., 2012) . 2D crystals of CitS were grown by dialysis using a home-built dialysis machine with a 14 kD MWCO membrane (Jap et al., 1992) . Membrane protein solution (1.4 mg/ml in 0.2 % DM) and detergentsolubilized lipids (POPE:POPC 7:3 (w/w), 10 mg/ml in 2% DM) were mixed at lipid-protein ratios of 0.3-0.35 (w/w) and incubated on ice for 12 h. 100 l of the ternary mixture were dialyzed against continuously exchanged buffer containing 20 mM sodium acetate, pH 4.5, 500 mM NaCl, 15 mM MgCl2, 2 mM DTT and 2 mM NaN3 at a flow rate of 0.2 ml/min. A specific temperature profile was applied during four days of dialysis (12 h 10 C, increase to 34 C within 12 h, two days at 34 C, and decrease to 10 C within 24 h). The resulting vesicular tubular crystals were stable at 4 C for several months. Crystals were evaluated by negative stain transmission electron microscopy. This was done by adsorbing 3 l of the crystal solution for 45 sec to 200 mesh carbon-coated copper grids that had been rendered hydrophilic by glowdischarge in air. Grids were washed in double-distilled water and stained with 2 % uranyl acetate. Images for crystal screening were taken at an accelerating voltage of 80 kV using a Philips CM10 equipped with a LaB6 filament .
Sample preparation, electron microscopy and image processing
Data collection was performed by cryo-electron microscopy (cryo-EM). The crystal solution was adsorbed to carbon coated and glow-discharged holey carbon grids (Quantifoil R3/2, Quantifoil Micro Tools, Jena, Germany). Substrate exchange (Na + /K + , acetate/citrate) was achieved by extensive soaking of the adsorbed 2D crystals in 10 drops of the corresponding buffer, 5 seconds each. The buffers were (1) 20 mM sodium acetate, pH 4.5, 200 mM NaCl, 15 mM MgCl2 and 2 mM DTT; (2) 20 mM sodium citrate, pH 4.5, 200 mM NaCl, 15 mM MgCl2, 2 mM DTT; (3) 20 mM potassium acetate, pH 4.5, 200 mM KCl, 15 mM MgCl2 and 2 mM DTT and (4) 20 mM potassium citrate, pH 4.5, 200 mM KCl, 15 mM MgCl2 and 2 mM DTT. After excess soaking solution had been removed by blotting for 4.5 s at 95 % relative humidity, vitrification was achieved by rapid plunge-freezing in liquid ethane at liquid nitrogen temperature using a MarkII Vitrobot (FEI, Eindhoven, Netherlands). Data acquisition at -180 °C sample temperature was performed at an acceleration voltage of 200 kV using a Philips CM200 microscope with a field-emission gun. Lowdose images with approx. 10 e -/Å 2 at a nominal magnification of 50kx and defocus values of 0.3 to 1.2 m (untilted images) or 0.5 to 2.2 m (tilted images) were recorded on Kodak SO-163 film and developed for 7 min in full strength Kodak D19 developer. A home built diffractometer was used to evaluate the quality of the individual images, followed by digitization using a Heidelberg Primescan D 7100 scanner with a step size of 1 Å/pixel at the specimen level. Tilted and untilted images were processed using the 2dx software suite (Gipson et al., 2007a; Gipson et al., 2007b; Arheit et al, 2013a/b/c) . Images were corrected for crystal disorders by three rounds of unbending. This was followed by a correction for the contrast transfer function (CTF) and astigmatism. The tilt geometry of individual crystals was determined either by their lattice distortions or CTF variations across the image and finally refined by comparing the single images to the merged 3D dataset (Arheit et al., 2013a) . The 3D volume was calculated using the CCP4 software package (CCP4, 1994) , and visualized using Chimera (Pettersen et al., 2004) .
Difference maps and model building
Difference maps were calculated in real space by subtracting two corresponding merged projection maps limited to 6 Å resolution. The individual projection maps were aligned onto each other within 2dx by the MRC program ORIGTITLT (Crowther et al., 1996) and subsequently scaled to [0, 1] . The raw difference maps were then obtained by subtracting one map from the other in real space. To determine the significance of the differences, we determined the variations within the individual projection maps using a similar approach to Appel et al. (2009) .
However, instead of calculating the difference between images of crystals incubated under identical conditions, we empirically determined the variations across the two compared conformations. This was done by combining images of both conformations and splitting each dataset into two equally Q-value weighted sets (Gipson et al., 2007b) . Merging these subsets results in two projection maps each containing both conformations. The difference between these two maps represents the variations within the data and yields an inferior threshold for conformational variations. We then only considered differences between conformations to be significant if they exceed this threshold by a factor of three. We visualized the final result as a heat map with Matlab and plotted the contour of the minuend. The color scale of our maps was adapted to the overall maximum difference of ±0.54.
To build the 3D model of CitS, helices composed of poly-A chains were manually placed into the obtained 3D volume in Chimera (Pettersen et al., 2004) . Kinks were introduced by adjusting the corresponding Φ and Ψ angles of the peptide backbone.
